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SUNMARY 


The  USAI-  is  considering  an  avionics  modernization  program  for  the  KC-135 
fleet  and  is  also  considering  the  feasibility  of  operating  the  KOI 35  without 
a  navigator  (SAC  ROC  5-74  w/amendments) .  In  response  to  a  request  from  the 
Aeronautical  Systems  Division,  the  flight  Dynamics  Laboratory  has  recently  com¬ 
pleted  a  full  mission  simulation  in  which  operationally  qualified  SAC  tanker  crews 
validated  a  KC-135  cockpit  configuration  designed  to  permit  operating  the  tanker, 
without  a  navigator,  throughout  its  broad  spectrum  of  mission  tasks.  Critical  to 
the  success  of  this  effort  is  the  fact  that  prior  to  full  mission  simulation,  three 
candidate  cr'w  system  concepts  w ? re  developed  and  evaluated  by  nine  SAC  aircrews 
during  preliminary  mockup  studies  in  which  the  crew  useab i 1 i ty/acceptabi li tv  of  the 
three  original  designs  was  assessed.  While  all  three  designs  remained  responsive 
to  the  mission  and  manning  requirements,  they  differed  considerably  in  control  and 
display  sophistication  and,  therefore,  total  system  cost.  This  development  of 
alternative  designs  permitted  early  exploration  of  trade-oils  between  cockpi t/crew 
system  capability,  mission  capability,  and  cost  information  necessary  for  resolving 
the  feasibility  issue.  ’Hie  assessment  process,  carried  out  in  a  full-scale  three 
dimensional  mockup  of  the  tanker  flight  deck,  determined  that  there  were  desirable 
and  undesirable  characteristics  of  all  three  designs.  These  mockup  results  were 
used  to  develop  a  fourth  "composite"  configuration,  attempting  to  specilv  an  optimum 
system:  the  most  capability  for  the  best  price.  The  composite  configuration  was 
evaluated  in  a  full  mission  simulation  lasting  three  months,  bach  crew  participated 
for  a  total  of  60  hours  spent  in  ground  school  training  learning  the  new  systems 
and  procedures,  practicing  living  the  simulator,  and  data  collection.  Data  collection 
sessions  required  that  the  crews  fly  the  airplane,  rendezvous  with  various  types 
of  receivers  and  offload  fuel  during  representative  mission  profiles,  perform  mission 


communications  (ATC,  receivers,  etc.)  and  accomplish  cockpit  procedures  and  check¬ 
lists.  The  simulation  work  validated  the  acceptability  of'  the  composite  design. 

A  consensus  was  reached  among  tne  participating  crew  members  that  it  was  feasible 
for  the  reduced  crew  complement  to  complete  all  tasks  and  perform  the  SAC  KC-135 
tanker  mission  if  the  capabilities  represented  in  the  composite  design  were  pro- 
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INTRODUCTION 

This  report  docirvnts  the  second  and  final  phase  of  the  Tanker  Avionics 
and  Aircrew  Complement  evaluation  fTAAGi)  Program,  a  three  year  mockup  and 
simulation  effort  performed  to  help  determine  the  feasibility  of  operating  the 
SAC  KC- 135  tanker  with  a  crew  of  three  --  pilot,  co-pi  lot, . and  boom  operator. 

The  first  phase  of  the  program,  identified  as  Phase  0,  was  conducted  from 
June  78  to  May  79.  It  consisted  of  mission  analysis  and  mockup  activities,  and 
resulted  in  the  identification  of  crew  system  concepts  that  appeared  capable  of 
providing  the  reduced  crew  complement  with  the  necessary  control  and  display 
capability  to  successfully  complete  the  tanker  mission.  A  specific  crew  station 
concept,  defined  in  terms  ol  equipment  capabilities,  equipment  location,  operating 
procedures  and  crew  duties,  resulted  from  Phase  0,  and  is  documented  in  ATKAL-TR- 
80-31)30,  Volumes  1,  11,  and  111. 

The  second  phase  of  the  TAACP  Program,  identified  as  "Phase  1,  Simulation," 
in  the  KC/C-135  Avionics  Modernization  Program,  Program  Management  Plan,  24  April 
1978,  and  documented  herein,  validated  the  results  of  Phase  0.  A  full -mission 
simulation  of  the  above  mentioned  crew  station  was  conducted,  resulting  in  con¬ 
firmation  of  the  mockup  work  --  the  KC-13S,  with  the  flight  deck  updated,  reconfigured 
and  crew  duties  appropriately  reallocated,  could  be  maimed  by  a  pilot,  co-pilot, 
and  boom  operator,  and  successfully  and  safely  accomplish  all  required  mission  tasks. 

The  remaining  sections  of  this  report  document  the  program.  Section  II 
discusses  some  of  the  major  features  of  the  composite  design,  Section  111  describes 
the  development  of  the  simulation  facility  and  data  collection  procedures,  Section 
IV  summarizes  the  results  of  the  simulation  flying  and  Section  V  draws  conclusions 
from  the  results. 
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The  composite  design  is  a  significant  departure  from  the  existing  KC-135 
system.  Major,  new  cockpit  control  and  display  subsystems  are  added;  old  equip¬ 
ment.  is  removed;  and  important  changes  are  made  to  crew  member  responsibilities. 

This  section  discusses  the  highlights  of  the  composite  design:  features  that  were 
felt  to  be  of  particular  significance  for  providing  the  three  person  crew  with 
the  capabilities  needed  to  complete  the  mission.  A  complete  description  of  the 
system  is  found  in  APWAL-TR-80-3030 ,  Volume  1:  Results  (Ref  1).  The  discussion 
in  this  section  is  broken  down  into  three  parts:  the  flight  deck,  the  boom 
operator's  stations  and  crew  duties. 

A.  1:1  ight  Deck  Changes  (figures  l,  2,  3,  and  4) 

Probably  the  most  dramatic  change  to  the  cockpit  is  the  replacement  of  the 
electro-mechanical  Horizontal  Situation  Indicator  ( 1  IS  1 )  with  a  cathode-ray  tube 
(CRT)  multi-purpose  display  (MIT)),  (fig.  1,  II  2(0 .  This  device  was  substituted  for 
the  old  11S1  because  it  has  the  flexibility  to  present  different  information  at 
different  times,  in  some  cases  information  only  available  to  the  navigator  in  the 
present  KC-135.  Presented  on  the  MPD  in  addition  to  horizontal  situation  data,  is 
radar  information  (beacon,  ground  map,  weather),  flight  plan  railing  with  map 
annotation,  and  rendezvous  guidance.  This  data  is  selected  for  presentation  through 
the  activation  of  switches  located  adjacent  to  the  display.  The  pilot  and  copilot's 
systems  have  duplicate  capabilities. 

The  MPD's  are  actually  part  of  a  larger  control  and  display  subsystem  that 
includes  (mother  major  cockpit  device,  the  Navigation  Management  Control  Display 
Unit  (CDJ).  Two  of  these  arc  located  on  the  flight  deck,  both  on  the  center  console  - 
one  forward  of  the  throttles,  on  the  right-hand  side  (fig.  1.  II 29)  ;  the  other  aft 
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14) 

#  15 

*  16) 
+  17) 


Angle  of  attack  indicator 
(copilot's  location  unchanged) 
Mach/airspeed  indicator 
FD- 109  annunciator  lights 
Attitude  director  indicator 
Master  caution  light 
Altimeter 

Marker  beacon  lights 

Altitude  alert  lights 

Radio  altimeter 

Caution/warning  panel 

Cabin  pressure  emergency  release 

Thrust  mgt  system  control 

Engine  instrument  digital  readouts 

and  selector 

Engine  fire  switches 

Engine  instruments 

Hydraulic  quantity  indicator 

Altitude  alert  control  panel 


*  18)  Water  injection  panel 

19)  Landing  gear  lever 

20)  Flap  position  indicators 

21)  Vertical  velocity  indicator 

*  22)  Clock  (also  added  for  copilot) 

23)  Outside  air  temperature  gauge 

+  24)  INS/AHRS  select  switch 
25)  Cabin  pressure  indicator 
U  26)  HSD/MPD 
+  27)  BDHI 

+  28)  HSD  mode  selector  switches 
+  29)  Nav  mgt  control /display  unit  #1 
+  30)  INS  mode  control  panel 
+  31)  Radar  cursor  and  doppler  controls 
+  32)  AHRS 

*  33)  Fuel  control  panel 
+  34)  AOA  Indexer 

+  New  hardware,  new  location 

It  New  hardware,  current  tanker  location 

*  Current  tanker  hardware,  new  location 


Figure  1.  Front  And  Forward  Center  Instrument  Panels 


*  4- 


1 )  Throttle  quadrant 

*  2)  Engine  start  switches 

*  3)  Autopilot  controller 

*  4)  IFF/SI F  control  panel 

5)  ADF  control  panel 

6)  Rudder  trim 

*  7)  Aileron  trim 

+  New  hardware,  new  location 

*  Current  tanker  hardware,  new  location 

Figure  2.  Aft  Center  Console 


+  8)  TACAN  #1  control  panel 

+  9)  TACAN  #2  control  panel 

+  10)  Nav  mgt  control  /d i s pi  ay  unit  #2 

*11)  Gear  horn  cutout  swithc 

*12)  Wing  flap  control 

*13)  Rudder  power  cutout  switch 


1)  Cabin  pressure  controllers 

2)  Light  control  panel  (exterior) 

*  3)  Volts  and  cycles  indicators 

*  4)  External  power  control 

5)  Light  control  panel  (interior) 

*  6)  APN-69  beacon  control  panel 

+  7)  Hydraulic  control  panel 

+  8)  Instrument  power  control  panel 
+  9)  Anti -ice  control  panel 

+  10)  VHF  comm  control  panel 

11)  UHF  # 2  comm  control  panel 

12)  Rotation  go-around  control  panel 


+  New  hardware,  new  location 
*  Current  tanker  hardware,  new  location 


13)  Flight  director  control  panel 
+  14)  Radar  control  panel 

*  15)  VHF  nav  II 1  &  #2  control  panel 

16)  Autopilot  control  panel 

17)  UHF  #1  comm  control  panel 
*18)  HF  comm  control  panel 

+  19)  Warning  bell,  loudspeaker,  and 
TACAN  antenna  control  panel 

20)  Electrical  control  panel 

21)  Battery  charging  ammeter 

*  22)  Radar  pressurization  control  panel 

23)  Air-conditioning  control  panel 

24)  Speaker 


NOTE:  Nacelle  illumination  switch  added  to  2). 

Figure  3.  Overhead  Panel 


S 


§  2)  AIC-18 

3)  Oxygen  hose,  dimmer, 
oxygen  quantity, 
lamp  receptacle 
A)  Oxygen  regulator 

#  New  hardware,  current  tanker  location 


of  the  throttles,  also  on  the  right-hand  side,  (Pig.  2,  //ID).  Like  the  MPD's, 
these  units  have  the  same  capabilities  and  can  he  operated  simultaneously.  Their 
primary  function  is  mission  planning.  After  insertion  of  the  proper  information 
bv  the  crew  (waypoint  coordinates,  temperature,  forecast  winds,  field  elevation, 
planned  fuel  off-loads,  flight  planned  altitudes,  alternates,  aircraft  weight,  etc.) 
the  computer,  to  which  the  CDU's  talk,  computes  ETS's,  fuel  required/ remaining  at 
waypoints,  optimum  EPR  settings  for  crew  selected  profiles  and  much  other  data  that 
is  not  computed  manually  by  cither  the  pilots,  navigator,  or  boom  operator. 

The  advanced  navigation  capabilities  provided  by  the  MPD/CDU  computer  subsystem 
were  thought  to  embody  the  heart  of  a  system  that  would  permit  the  removal  of  the 
navigator  crew  position.  Other  major  changes  were  made  to  either  physically  ac¬ 
commodate  the  MPD's  and  CDU's  or  logically  complete  the  crew  system  integration 
started  by  the  MPD's  and  CDU's. 

In  the  first  category  (  a  change  made  to  accommodate  tire  CDU's)  is  the  new 
fuel  panel,  (Pig.  1,  1133).  Although  very  similar  in  capability  to  the  present  sys¬ 
tem,  the  new  device  differs  dramatically  in  appearance.  The  fuel  flow  lines 
illuminate  as  a  function  of  valve  and  pump  activation;  a  CC.  display  is  provided; 
fuel  quantity  is  presented  digitally;  and  there  are  several  caution  and  warning 
lights  installed  associated  with  varying  amounts  of  fuel  remaining. 

In  the  second  category  (continued  integration)  is  the  vertical-scale  engine 
instruments  and  fuel  management  system,  lire  vertical -scale  instruments  (Pig.  1, 

#15)  take  up  less  instrument  panel  space,  and  incorporate  hydraulic  pressure  and 
quantity  gauges  as  well.  Tills  configuration  makes  it  possible  for  the  copilot  to 
monitor  hydraulic  system  performance  more  completely  than  before  and  co- locates 
similar  information  (quantities,  pressures,  rates)  in  a  centralized  position.  Also, 
the  vertical -scale  instruments  are  used  to  indicate  an  EPR  value  to  be  flown  in 
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order  to  achieve  a  selected  fuel  conservation  profile  generated  by  the  computer 
subsystem. 


Without  the  navigator  on-board,  a  requirement  was  felt  to  exist  to  improve 
the  monitoring  of  subsystem  performance.  Thus,  another  major  modification  is  the 
installation  of  an  integi'ated  caution  and  warning  system  like  that  found  in  many 
Air  Force  aircraft  (Fig  1,  #10).  It  provides  for  centralized  annunciation  of 
system  failures  (as  well  as  selected  subsystem  operating  conditions  that  arc  not 
failures)  that  in  the  current  tanker  are  either  not  annunciated  at  all,  or  arc 
annunciated  through  lights  or  other  devices  scattered  throughout  the  cockpit. 

Coupled  with  the  master  caution  lights  located  on  the  glare  shield  in  front  of 
each  pilot,  this  system  was  thought  to  provide  for  the  required  systems  monitoring. 

Finally,  there  were  a  series  of  modifications  made  so  as  to  place  all  critical 
equipment  within  arm's  reach  of  at  least  one  pilot.  In  some  cases,  this  required 
a  simple  relocating  of  hardware;  more  extensive  modification  involved  the  widening 
of  the  aisle-stand  aft  of  the  throttles  to  accommodate  additional  control  heads 
that  must  be  accessible  to  both  pilots. 

B.  Boom  Operator's  Stations  (Figures  5  6  6) 

Modifications,  resulting  in  two  different  designs,  were  made  in  order  to 
improve  the  efficiency  of  fuel  off-load  from  the  point  of  view  of  both  the  boom 
operator  and  the  flight  deck.  Included  in  both  upgrades  were  two  fuel  totalizer 
gauges:  one  for  total  fuel  off-loaded  per  mission,  (Fig.  6,  #13),  the  other  for 
total  fuel  off-loaded  per  receiver,  (Fig.  6,  #8).  Although  relatively  modest,  this 
change  was  thought  to  have  the  potential  of  greatly  reducing  boom  operator  workload 
currently,  the  boom  operator  has  the  responsibility  for  keeping  track,  manually 
with  paper  and  pencil,  of  all  fuel  off-loaded  while  minimizing  interphone  chatter. 

In  addition,  upgrade  number  two  included  an  automatic  visual  off-load  system  designed 
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*  1)  Accelerometer 

*  2)  Ci phony  control  panel 

+  3)  HF  transfer  and  IMS  selector  switches 

*4)  HF  comm  control  panel 
+  5)  Oxygen  control  panel 

+  6)  Light  control s 
+  7)  INS  control /di splay  unit 
+  8)  Nav  monitor  panel 
+  9)  AIC-18 

+  Mew  hardware,  new  location 

*  Current  tanker  hardware,  new  location 


Figure  5.  Boom  Operator's  Forward  Station 


1)  Emergency  override  switch 

2)  boom  hoist  lever 

1)  Pilot  director  lights  cor*r.  Is 

4)  A/R  system  test/reset  switches 

5)  Azimuth  Indicator 

6)  Contact  signal  lights 
/)  Telescoping  Indicator 

»  B)  Fuel  transfer  Indicator  (  per  receiver) 
9}  Elevation  Indicator 

10)  Signal  coll 

11 )  Signal  coll  test  switch 

'  hew  hardware,  new  location 

#  hew  hardware,  current  tanker  location 

•  Cur* ent  tanker  hardware,  new  location 


12)  A/R  master  switch 

♦  13)  'uel  transfer  in-li  tor  (per  mission) 
14)  window  defrost  switch 

♦  16)  Nacelle  Ilium  controls 
16)  Panel  I  Mils  controls 

P)  Compartment  lights  controls 
t  Hi)  Aft  body  pump  switches 

♦  19)  Fuel  flow  Indie  a  lor 

»  20)  Forward  body  pump  switches 

♦  21 )  Fuel  qua  nitty  Manges 
t  22)  Offload  sc  lei  lor 

NOTE;  Item:  2  and  «'3  for  upgrade  con¬ 
figuration  #2  only 


*  23)  Au to /manual  select 

swl  tch 

24)  Bor,  mozzle  H  lun; 
control 

26)  Under  body  I1 1  urn  control 

26)  Underlying  Hluni. 

27)  ‘.eiescope  at  isconnt'U 

switch 

*  20)  IKriin  larking  ilium 

control s 

t  2 9)  Boom  telescope  lever 

30)  llr o*r  test  switches 

31 )  Pilot  d  I  ret  tor  1  i.jht  s 
swl  tel  l". 

32'  Restart  indicator  light 


Figure  6.  Boom  Operator's  All  btatlon 


so  that  the  boom  operator  could  spend  more  time  in  full  contact  with  the  re¬ 
ceivers,  while  simultaneously  relieving  the  copilot  of  some  fuel  panel  monitoring 
tasks.  Upgrade  number  one  did  not  have  this  capability. 


C.  Crew  Duties 

The  equipment  changes  were  not  sufficient  by  themselves  to  accommodate 
the  removal  of  the  navigator  crew  position.  There  are  tasks  that  the  navigator 
performs,  such  as  altitude  call-outs  on  final  approach,  that  were  not  replaced 
with  new  hardware.  Thus,  crew  member  responsibilities,  including  checklists  and 
formal  operating  procedures,  were  also  modified.  One  of  the  most  significant 
of  these  is  the  designation  of  the  boom  operator  as  a  Positive  Control  crew  mem¬ 
ber.  'Hie  composite  design  requires  that  the  boom  operator  copy  and  acknowledge 
launch  and  enroute  messages,  monitor  the  IIP  radio  when  not  in  the  boom  pod,  and 
in  general  play  a  much  more  integrated  role  in  the  functioning  of  the  vehicle. 

Also  changed  is  the  copilot's  role:  he  has  greatly  increased  responsibilities  for 
aircraft  navigation  and  position  awareness.  Finally,  since  radar  information  is 
now  displayed  on  the  MPD's,  both  pilots  must  be  proficient  in  interpreting  radar 
returns,  as  well  as  navigating  by  radar  mapping. 

Volume  I  of  AFWAL-TR-80-3030 ,  as  mentioned  earlier,  details  the  specifics 
of  the  composite  design. 
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EVALUATION  PREPARATION 


It  was  the  intent  of  the  work  documented  herein  to  validate  the  crew  system 
concepts  embodied  in  the  composite  design.  The  process  started  with  the  develop¬ 
ment  of  the  simulation  capability  involving  several  major  activities,  including 
preparation  of  the  simulator,  and  development  of  experimental  procedures. 

A .  Simulator  Prepara t ion 

1 .  Pilot/Copilot  Station 

All  crew  station  equipment,  (panels,  controls,  display,  etc.)  were 
either  fabricated  in-house  or  closely  approximated  with  off-the-shelf  avionics 
hardware  representing  the  desired  capability.  The  panels,  consoles,  and  cockpit 
equipment  were  installed  in  the  Plight  Dynamics  Lab's  KOI  35/Boeing  707  type 
simulator.  A  K0135  aero  model  was  developed  to  simulate  aero-dynamic  control 
of  aircraft  pitch,  roll,  yaw,  longitudinal  velocity,  lateral  velocity  and  vertical 
velocity.  Environmental  conditions  of  day,  night  and  engine  sound  were  simulated 
along  with  a  visual  presentation  for  airport  dcparturcs/arrivals.  Also,  a  pre¬ 
sentation  of  land  mass  features  for  radar  ground  mapping  was  simulated.  Software 
programs  were  developed  to  support  flight  simulation  ;md  to  support  the  integration 
and  operation  of  the  various  mission  systems.  The  flight  deck  was  equipped  with 
standard  KC-135  yoke  and  rudder  controls,  noscwheol  steering  and  Boeing  707  type 
throttle  quadrant.  Motion  was  not  used  for  this  simulation.  The  simulator  cab 
seating  arrangement  consisted  of  two  standard  pilot  scats  and  a  modified  boom 
operator's  seat  mounted  on  raiLs  so  that  the  seat  could  be  positioned  between  the 
pilots'  scats  (behind  the  aisle  stand)  or  positioned  at  the  forward  boom  station 
(the  present  navigator's  station).  A  pilot  observer  was  stationed  behind  the  pilot's 
seat  and  an  experimenter  was  stationed  behind  the  pilot  observer,  (figure  7) . 


Figure  7.  TAACE  KC-135  Simulator  Cockpit  Layout 


2 .  Bonin  Operator's  Station 


The  aft  boom  operator  station  was  located  at  a  separate  console  out¬ 
side  the  cab.  It.  was  equipped  with  several  dynamic  controls  and  displays  in¬ 
cluding  a  boom  telescope  lever,  a  ruddervator  control  stick,  a  receiver  display, 
a  fuel  control/display  panel  and  a  communication  system,  (Figure  8). 

The  simulation  was  supported  by  a  separate  computer  deck  with  multipb 
computer  systems,  by  a  separate  radar  land  mass  simulator  and  by  a  Redi fon/Duov iew 
visual  facility.  The  visual  system  provided  outside  visual  cues  for  only  the 
takeoff  and  landing  phase  of  simulation  flying  (up  to  approximately  1500'  AtiL) . 

5.  Hxpe rimenters 1  Stat ions 

Six  experimenter  stations  were  needed  to  conduct  the  flying  sessions, 
bach  was  equipped  with  A1C-18  intercomm  units  which  could  monitor  the  subject 
aircrew  communications  as  well  as  provide  for  private  channel  communications 
between  experimenters.  The  six  stations  were  located  inside  the  cab,  outside 
the  cab  and  in  an  adjacent  room  which  housed  the  computer  systems  that  supported 
simulation.  The  experimenter's  station  inside  the  cab  was  equipped  with  controls 
for  initiating  system  malfunctions  and  a  unit  to  control  a.  workload  measurement 
experiment.  The  experimenter's  station  outside  the  cab  was  a  large  console 
equipped  with  a  communication  monitoring  panel  and  5  video  monitors.  The  com¬ 
munication  monitoring  panel  displayed  all  frequencies  selected  by  the  subjects, 
(including  IFF'  codes),  and  the  transmitter  selected  for  broadcast.  The  video 
monitors  repeated  the  cockpit  pilot  and  copilot  multipurpose  USD  selections,  the 
cockpit  mission  management  display  selections,  cockpit  activities,  and  the  boom 
operator  receiver  and  boom  position  display.  The  receiver's  position  on  the 
boom  operator's  display  and  the  receiver's  maneuvers  to  pre-contact,  contact 
and  disconnect  were  also  controlled  from  the  outside  experimenter's  station.  The 
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other  experimenter  stations  were  Intercomm  positions  used  for  maintaining 
coordination  among  the  project  people  responsible  for  the  computer  complex,  radar 
simulation  and  visual  system. 

B.  Experimental  Procedures 

1 .  Specific  Research  Issues 

The  Phase  0  mockup  activities  suggested  that  the  crew  workload 
associated  with  managing  the  various  subsystems  was  sufficiently  low  to  permit 
safe  accomplishment  of  the  mission.  However,  with  no  flying  task  required  of  the 
pilots,  the  mockup  exercise  did  not  explore  the  compounded  workload  of  both  flying 
the  vehicle  and  operating  the  other  cockpit  systems.  In  a  sense,  the  mockup 
evaluation  crews  were  not  "distracted"  by  the  flying  task,  and  thus  were  able 
to  concentrate  on  the  management  of  the  various  subsystems.  The  mockup  evaluation 
was,  therefore,  a  biased  assessment  of  the  different  crew  station  concepts  being 
examined.  This  bias  was  of  particular  concern  in  three  areas:  the  useabilitv  of 
the  CRT  displays  (the  USD's  and  Nav  Management  CDU's)  the  effect  on  crew  work¬ 
load  of  an  auto-pilot  failure,  and  the  usefulness  of  an  updated  boom  operator’s 
station.  In  order  to  more  fully  explore  these  areas,  three  specific  research 
issues  were  identified. 

a.  Utility  of  Horizontal  Situation  and  Navigation  Management  display 
formats  and  switching. 

Although  reach,  acccssability,  viewnbility,  and  other  anthro¬ 
pometric  characteristics  can  easily  be  assessed  in  a  mockup,  the  dynamic  character¬ 
istics  of  displays  car .  Titus,  particular  emphasis  was  placed  on  examining  the 
pictures  presented  on  the  cockpit  CRT's. 

b.  Effect  on  crew  workload  of  an  in-operative  auto-pilot. 

With  a  functioning  auto-pilot,  the  simulation  exercise  becomes 
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somewhat  similar  to  the  mockup  study  -  little  or  no  flying  tasks  required.  Thus, 
it  was  reasonable  to  fail  the  auto-pilot  and  require  the  crew  to  complete  the 
mission  under  that  condition.  Of  concern,  once  again,  was  the  ability  of  the  crew 
to  complete  all  necessary  tasks  without  the  navigator  --  his  removal  results  in 
one  less  set  of  eyes  to  scan  for  traffic  or  system  malfunctions;  one  less  crew 
member  to  help  maintain  position  awareness  or  compute  needed  information, 
c.  Value  of  an  updated  aft  boom  station. 

The  results  of  Phase  0  suggested  that  some  improvement  could 
productively  be  made  to  the  aft  boom  station,  giving  the  boom  operator  more 
capability  to  control  the  off-load  while  improving  his  ability  to  monitor  the 
position  of  the  receiver.  Therefore,  several  different  updates  were  "flown"  during 
the  simulation  evaluation  to  assess  the  value  of  alternative  concepts. 

2 .  Hxperimental  Design 

In  order  to  provide  an  unbiased  assessment  of  the  design,  a  plan  was 
established  for  data  collection  in  the  simulator  that  would  penult  an  orderly 
presentation  of  design  concepts  and  alternatives.  This  plan  or  experimental  de¬ 
sign  date "mined,  before  data  collection  began,  the  specific  set  of  conditions 
each  crew  would  experience  during  their  flying  sessions.  Pour  different  variables 
(the  three  specific  research  issues  plus  mission  type)  were  manipulated  so  as  to 
conduct  a  balanced  experiment  exposing  each  of  the  crews  to  all  conditions.  The 
four  variables  and  how  they  were  combined  for  each  crew's  flying  session  is  given 
in  Tabic  1.  The  matrix  shows  that  every  crew  flow  three  flights  (DATA  SESSIONS) 
and  that  during  those  flights  (either  an  HWO,  (X)NTTN(iliN(A'  OR  D1-PL0YMHNT  mission) 
both  Nav  management  CDll’s  were  on  or  one  of  the  two  was  off,  the  auto-pilot  was 
on  or  off,  and  the  boom  station  was  configured  as  either  the  baseline  tanker  or 
one  of  two  updates. 

These  variables  were  picked  to  ensure  simulation  activities  that,  by  exposing 
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TABU-  1 

liXri-RlMl-NTAL  DUS  1  (IN  MATRIX 


INDUPUNDHNT  VARIABLES 


CREW 

NUMBER 


MISSION 

SECMENT 

NAV  MANAGEMENT 

CDU  STATUS 

DWG 

H2  Off 

DDPLOYMDNT 

111  Off 

CONTI NGDNCY 

BOTH  ON 

CONTINGENCY 

111  Off 

CONTINGENCY 

111  Off 

DWG 

BOTH  ON 

DDPLOYMDNT 

II?  Off 

DIVO 

II 2  Off 

DDPLOYMDNT 

BOTH  ON 

CONTINGENCY 

II 2  Off 

DM) 

HI  Off 

DEPLOYMENT 

BOT1I  ON 

* agio-pilot 

STA'llJS 


AP-^707 

Al^/VP 

AP->XP 

AP-*AP 


A1>->XP 

XT-+AP 

AP-+AP 

XP4AP 


BOOM  STATION 
CONP1GRUATION 


BASUL1NU 
UPDATli  HI 
UPDATE  H2 
BASHLINH 


UPDAT’D 
UPDAT'D  II 2 
BASELINE 
UPDAT’D.  Ill 


UPDAT’D,  112 
BASDL1ND 
UPDAT’D  III 
UPDAT'D  II L 


*AP  Al’:  Autopilot  operating  during  1st  hall  oi'  the  mission,  not  operating 
during  2nd  half  of  the  mission. 

AP  AP:  Autopilot  not  operating  during  1st  half  of  the  mission,  operating 
during  2nd  half  of  the  mission. 
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the  crew  members  to  equipment  concepts,  cockpit  procedures  and  varied  operational 
conditions,  would  permit  an  "in  mission  context"  ex;mii nation  of  the  specific 
dcs.i'-n  issues  discussed  earlier.  Thus,  a  simulation  flight  with  one  of  the  CPU's 
turned  on  or  off  would  permit  the  crew  to  assess  the  value  of  that  system  and  force 
them  to  deal  with  its  operation;  with  the  auto-pilot  turned  on  or  off,  to  deal  with 
systems  management  as  well  as  flying  the  airplane;  with  the  different  boom  station 
configurations,  to  assess  boom  operator  and  copilot  workload. 

3.  llva luat. ion  Procedures 

All  four  aircrews,  consisting  of  a  pilot,  copilot  and  a  boom  operator, 
went  through  the  same  process,  scheduled  to  take  7  days.  The  average  experience 
of  the  pilots  was  988  hours  in  the  KC-135  and  !7o3  hours  total.  The  copilots 
average  experience  was  195  hours  in  the  KC-135  and  903  hours  total.  The  boom 
operators  average  experience  was  712  hours  in  both,  the  KC-135  and  in  total  time. 

TABUS  2 

A1RCR1SW  hi, V INC  HOURS 


KC-135 

TOTAL 

CRliW  1 

P 

1000 

1650 

CP 

100 

350 

1BO 

1647 

164  7 

CRliW  2 

P 

1200 

1 500 

CP 

180 

430 

BO 

600 

600 

CRliW  3 

P 

1150 

1400 

CP 

100 

350 

2,0 

350 

350 

CRliW  4 

P 

600 

2500 

CP 

400 

2480 

BO 

250 

250 

The  following  is  a  general  description  of  their  activities: 

Day  1.  Ground  school  covering  all  modified  crew  systems  except  the  mission 
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management  and  horizontal  situation  display  systems. 


Day  2 .  Ground  school  training  on  the  mission  management  and  USD  systems. 

Day  3.  Systems  review  and  mission  briefing  for  practice  traffic  patterns. 

Each  pilot  flew  four  daytime  and  two  nighttime  traffic  patterns  with  landings 
for  simulator  handling  qualities  familiarity. 

Day  4.  Two  cross  country  training  missions  --  The  first  was  a  round  robin 
out  of  boring  ATR  flown  primarily  for  familiarization  with  all  updated  aircrew 
systems,  especially  navigation.  'Hie  second  mission  was  a  cross  country  training 
flight  from  London  Gatwick  to  RAF  Mildenhall.  Rendezvous  and  fuel  offload  were 
practiced  during  this  mission. 

Days  5,  6,  and  7  Tanker  missions  for  data  collection  --  One  operational 
tanker  mission  was  flown  each  day  for  crew  system  evaluation  and  data  collection. 

The  order  in  which  the  missions  were  flown  is  shown  in  Table  1.  A  narrative  de¬ 
scription  of  the  three  missions  (overviewed  in  Figure  9),  follows. 

boring  Deployment  A  cell  of  five  (5)  tankers  depart  boring  AFB  on  a 
Coronet  ’enjoyment  to  rendezvous  over  Halifax,  Canada  with  a  flight  of  1.?.  A-7Ds, 
performs  four  aerial  refuelings  and  recovers  at  RAF  Mildenhall  (tankers)  and  RAF 
Wittering  (fighters).  Subject  crew  departs  15  minutes  late  due  to  engine  water 
problems  on  takeoff.  Flight  plan  change  is  required  to  allow  subject  crew  to 
catch  up.  A  gcner.atoi  failure  occurs  during  rendezvous  witli  tanker  cell.  The 
flight  is  repositioned  to  50  minutes  prior  to  refueling  113.  Fighter  // 1 2 ,  meanwhile, 
had  minor  refueling  problems  during  the  second  refueling  and  subsequently,  three 
of  the  tankers  returned  to  Loring  AFB  as  scheduled.  .Just  prior  to  the  third  refueling, 
lead  tanker  loses  radar.  Subject  aircrew  in  the  number  2  tanker  assumes  cell 
command  and  responsibility  while  maintaining  HZ  tanker  position.  Numerous  weather 
buildups  and  IMG  conditions  arc  encountered,  requiring  vectors  from  subject  crew 
to  lead  tanker.  During  refueling  II 5,  fighter  1112  cannot  receive  fuel  from  subject 
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aircrew  tanker  and  is  finally  escorted  to  nearest  landfall  through  coordination 
with  "Head  Dancer"  (airborne  assistance)  and  "lluckbuct"  (airborne  search  and  rescue). 

After  this  problem  is  resolved,  the  flight  rejxis itioned  forward  over  RAF  Brize 
Norton.  Meanwhile,  the  fourth  refueling  has  lx  on  completed  and  the  cell  was 
terminated.  The  subject  aircrew  recovers  at  Mildenhall  RAF  under  minimum  weather 
condit ions . 

BVO  Mission  -  Subject  aircrew  is  on  alert  and  is  launched  as  112  on  a  two 
ship  BVO  mission  to  rendezvous  with  two  B-52s.  During  launch,  subject  aircrew 
experiences  a  runaway  stabilizer  trim.  After  subject  aircrew  completes  departure 
procedures  and  radar  update  for  INS  alignment  (all  nav  aids  arc  shut  down)  the  flight 
moves  forward  to  a  position  north  of  Scotland  near  Saxavord.  After  additional  radar 
updates  for  the  INS  systems,  lead  tanker  experiences  engine  problems  and  eventually 
experiences  an  engine  fire  that  becomes  uncontrollable.  After  lead  tanker  air 
aborts,  subject  aircrew  is  repositioned  forward  to  SO  minutes  prior  to  the  ARCP. 
Weather  is  detected  in  the  planned  AR  track,  requiring  a  revised  ARC!’.  The  B-52 
receivers  request  and  receive  all  of  the  available  fu<  1  from  the  subject  aircrew 
which  leaves  the  subject  crew  with  just  enough  fuel  to  make  one  pass  at  their 
scheduled  recovery  base  at  Bodo,  Norway.  The  mission  terminates  with  an  airborne 
radar  approach  (nav  aids  are  not  available)  at  non-precision  weather  minimum,  com¬ 
plicated  by  fuel  exhaustion. 

Contingency  Mission  -  Tlie  subject  aircrew  is  launched  from  Bodo,  Norway 
as  lead  tanker  in  a  two-ship  cell.  The  mission  is  to  set  up  an  anchor  over  the 
Baltic  Sea  along  the  Soviet  border  to  support  random  flights  of  NATO  fighters  who 
are  engaged  in  a  contingency  action  along  the  Soviet  border.  After  the  mission 
launches,  tlie  H2  tanker  loses  part  of  his  mission  management  system.  After  de¬ 
parture  procedures  are  completed,  the  mission  is  repositioned  forward  to  just  north 
Stockholm,  Sweden.  Subsequently,  several  radar  updates  are  accomplished  and  tlie 
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anchor  pattern  is  entered.  GC1  vectors  several  flights  of  fighters  in  for  re¬ 
fueling  within  the  anchor.  Weather  in  the  anchor  track  becomes  a  problem.  Minimum 
fuel  fighters  require  diversion  of  the  tanker  out  of  the  anchor.  A  second  diversion 
for  a  minimum  fuel  fighter  takes  the  subject  aircrew  to  the  Soviet  border.  An 
electromagnetic  pulse  (HMP)  is  experienced  by  the  subject  crew  which  leaves  the 
boom  operator  blinded  and  the  subject  crew  without  any  electronic  avionics.  The 
subject  aircrew  attempts  to  recover  at  Aalborg,  Denmark,  which  terminates  this 
miss  ion . 

a.  Conduct  of  the  hxper intent 

Following  the  ground  school  and  simulator  flight  training  missions, 
the  subject  aircrews  flew  the  three  previously  described  operational  tanker  mis¬ 
sions.  Prior  to  each  flight,  the  crew  received  preflight  briefings,  representative 
of  those  required  by  SAC  operating  procedures.  The  briefings  included  route  and 
receiver  information,  formation  procedures,  weather,  intelligence,  and  primary  and 
alternate  recovery  bases.  Mission  materials  were  provided  for  each  mission,  in¬ 
cluding  completed  flight  plans,  Take-off  and  Landing  Data,  weight  and  balance  infor¬ 
mation,  clearance  forms  and  ail  required  maps  and  FLIP  charts.  After  the  briefing, 
the  crews  were  allowed  sufficient  time  to  study  the  mission  and  perform  the  required 
crew  briefings. 

At  the  simulator  cab,  the  crew  performed  the  aircraft  interior 
checklists  and  all  subsequent  checklists,  utilizing  a  modified  KC-135  checklist 
which  had  been  changed  to  accommodate  the  three -man -crew  and  the  updated  avionics. 

Once  the  required  checklists  were  performed,  the  crew  launched 
and  flew  each  mission,  performing  all  required  communications  (ATC,  formation  calls 
and  other  agencies),  navigation  and  system  operations/malfunctions  and  associated 
workloads  that  might  be  encountered  on  the  selected  scenario  missions  (described 
earlier  in  this  section). 


The  inside  experimenter  controlled  the  mission  sequence,  system 


null  functions  and  a  workload  exper  intent.  The  two  outside  experimenters  monitored 
mission  progress  and  aircraft  position.  All  communication  transmissions  were  also 
monitored  at  the  experimenter's  console.  Thus,  the  outside  experimenters  were 
able  to  assume  the  role  of  all  outside  communicators  (ATC,  receiver  calls,  command 
post,  ground  control,  etc.)  and  control  the  initiation/ termination  of  each  mission 
segment.  The  experimenter  inside  the  cab  utilized  a  private  intcrcomm  channel  to 
coordinate  activities  between  the  subject  crew,  outside  experimenters  and  simula¬ 
tion  system  operators. 

Prior  to  each  i-efueling  segment,  the  boom  operator  proceeded  to 
the  aft  boom  operation  station,  located  outside  the  simulator  cab.  Prom  this 
location  he  simulated  refueling  each  receiver  through  radio/ interphone  communica¬ 
tions,  a  fuel  panel  and  a  CRT  tracking  task  symbolic  of  a  refueling  boom  and  a 
receiver  aircraft.  The  outside  experimenters  controlled  the  pre-contact,  contact 
and  disconnect/breakaway  maneuvers  as  well  as  the  receivers  communication.  At  the 
completion  of  each  refueling  segment,  the  boom  operator  resumed  his  position  and 
crew  duties  inside  the  cockpit,  reading  checklists,  monitoring  IIP,  monitoring  sys¬ 
tems  and  simulated  outside  watch. 

b.  Data  Collection 

Although  subjective  and  objective  data  were  collected  during  the 
study,  only  the  subjective  data  is  presented.  The  objective  performance  data  was 
lost  during  the  conversion  to  a  new  computer  system  after  the  program  was  completed. 

Questionnaires  were  administered  to  each  subject  at  the  beginning 
of  the  experiment  (Day  1).  Additional  questionnaires  were  administered  after  each 
data  mission  was  flown.  At  the  end  of  the  experiment,  a  final  questionnaire  was 
administered.  Subjective  data  were  also  collected  during  a  final  debriefing  of  the 
aircrews. 

c.  Crew  Station  Criteria  Update 

During  the  initial  portion  of  the  TAACIi  Program,  (after  the  Phase  0 


mission  analysis)  a  criteria  document  was  drafted  which  described  the  capabilities 
required  for  a  three-man  crew  (two  pilots/one  boom  operator)  to  accomplish  the 
KC-.  35  tanker  mission,  hollowing  the  mockup  evaluation  (Ref.  3),  this  criteria 
document  was  updated  to  reflect  the  results  of  the  assessment.  The  criteria 
document  reflecting  the  results  of  the  simulation  validation  has  been  published 
as  AFWAL-TR-81-3010,  "KC-135  Crew  System  Criteria."  The  reader  is  urged  to  examine 
this  document  for  further  guidance  pertaining  te  specific  crew  station  design 
criteria  for  operating  the  KC-135  with  a  pilot,  copilot,  and  boom  operator. 
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RlhSULTS 

Results  presented  in  this  report  are  based  on  the  crew  member  responses 
to  opinion  questionnaires  administered  before,  during,  and  after  the  simulator 
flying  sessions. 

Questionnaires  consisted  of  fil 1-in-the  blank  questions,  yes-no  questions, 
and  rating  scale  questions.  There  were  three  rating  scale  questions  used,  as 
shown  in  Table  3.  Scale  1  "Quality  Level"  was  used  to  rate  the  useability  of 
information  presented  on  a  specific  display  or  tire  physical  location  of  a 
piece  of  hardware.  Scale  II  "Workload  Level"  was  used  to  establish  the  amount  ol 
work  required  to  perform  a  specific  job.  Scale  III  "Requirement  Capabilities" 
was  used  to  rate  either  the  degree  of  need  for  a  certain  system/concept  or  the 
degree  of  useability  of  a  system/concept.  For  case  in  completing  the  ratings,  all 
three  scales  ran  from  0,  meaning  "least"  or  "worst"  to  10,  meaning  "most"  or  "best1 
All  ratings  cited  in  the  report  are  averages.  Citations  from  questions  other  than 
the  rating  scales  are  given  as  frequency  counts,  totaling  the  number  of  crewmem¬ 
bers  responding. 

Results  of  the  simulation  exercise  are  presented  first  as  they  relate  to  the 
specific  research  issues  identified  in  Section  III,  B.l,  and  then  as  more  general 
findings  relating  to  features  of  the  cockpit  design. 

A.  Specific  Research  Issues 

1 .  Horizontal  Situation  and  Navigation  Management  nisplay  Formats 
a.  Horizontal  Situation  Display 

In  the  broadest  sense,  there  seems  to  be  a  strong  requirement  for 
a  Horizontal  Situation  Display.  All  crew  members  rated  the  requirement  for  an  USD 
as  compared  to  the  standard  HSI  as  extremely  useful  and  an  enhancement  to  mission 


performance  with  the  majority  indicating  that  an  i IS1)  would  lie  absolutely  necessary 
to  accomplish  the  mission.  The  following  USD  formats  and  controls  were  judged 
by  all  pilots  and  copilots  as  falling  into  the  range  of  extremely  useful  to 
absolutely  necessary  requirements:  symbol  generated  imp,  hold  format,  rendezvous 
format,  US I  format,  range  control,  and  clutter /declutter  control.  'Hie  same  held 
true  for  the  following  USD  information  overlays:  symbol  map  with  weather,  symbol 
map  with  beacon,  symbol  map  with  ground  map,  skin  paint  other  aircraft,  in  formation, 
and  cursor  update  for  radar.  In  nearly  all  of  these,  the  majority  response  was 
that  they  enhanced  mission  performance  so  much  as  to  he  absolutely  necessary  to 
perform  the  mission. 

When  asked  to  rate,  using  Scale  111,  requirement  that  different  types  of  in¬ 
formation  be  presented  on  the  display,  the  responses  ranged  from  8. 5  to  9.78,  for 
both  pilots  ami  copilots.  Similarly,  the  information  overlays  provided  during 
simulation  were  also  rated  a  strong  requirement:  from  9  to  9.5  for  pilots,  from 
9.25  to  9.5  for  copilots.  Additionally,  the  pilots  felt  that  the  amount  of  informa¬ 
tion  displayed  was  generally  satisfactory,  giving  Scale  1  ratings  from  7  to  It). 

Also,  the  pilots  seemed  generally  satisfied  with  the  switch  matrix  provided  for 
changing  display  formats;  from  a  low  of  •!  (one  response),  to  a  high  of  It),  (2 
responses)  with  an  average  rating  of  8.41,  (Scale  1).  finally,  although  the  pilots 
felt  that  using  the  USD's  for  displaying  radar  information  was  good  (from  7  to  10 
with  an  average  rating  of  9.5  using  Scale  ill)  they  identified  radar  monitoring 
ami  control  as  one  of  the  tasks  that  jxised  a  problem.  This  is  discussed  further  in 
Section  V. 

b.  Navigation  Management  Display  Unit  and  formats 

As  they  did  for  the  USD,  the  pilot's  strongly  favored  having  a 
Navigation  Management  System  on  the  airplane.  It  was  almost  rated  as  mandatory 


equipment  with  an  average  value  of  9  for  the  Scale  111  ratings.  In  addition, 
the  specit  pages  presented  on  the  display  were  generally  considered  as  "GOOD" 
(Scale  1)  with  just  about  the  right  amount  of  information  being  provided.  The 
exception  to  the  otherwise  high  ratings  were  those  for  the  fuel  Page;  although 
it  was  thought  to  be  nearly  a  requirement,  it  was  also  thought  to  present  an  ex¬ 
cessive  .'unount  of  information.  These  ratings,  like  those  for  the  USD's,  were 
consistent  across  missions  and  crew  position  (pilot,  copilot)  suggesting  fairly 
stable  information  requirements,  regardless  of  specific  mission  type. 

2 .  Pilot/Copilot  Workload  -  Auto- Pi  lot 

Many  questions  were  asked  dealing  with  the  crew  workload  in  an  attempt 
to  determine  how  it  was  effected  oy  the  different  avionics  capabilities  included 
in  the  design.  Obviously,  there  is  a  very  complex  interaction  among  the  various 
elements  of  the  design  and  the  workload  experienced  by  the  crew,  for  example, 
it  may  be  the  case  that  with  all  systems  operational,  crew  member  reported  work¬ 
loads  are  well  within  acceptable  limits.  However,  with  different  types  of  equipment 
out  of  order,  workload  levels  may  change,  certainly  affecting  the  crewmembers 
acceptance  of  the  system,  perhaps  also  their  ability  to  do  the  job.  In  the  TAACP, 
Program  simulation,  the  combined  influences  of  three  major  design  features  on  crew 
workload  were  examined;  auto-pilot  availability,  navigation  management  system  avail¬ 
ability  and  boom  operator  station  design. 

In  general,  crew  workloads  were  such  as  to  permit  successful  accom¬ 
plishment  of  the  mission.  This  was  true  for  all  tested  combinations  of  the  above 
mentioned  variables.  Whether  the  auto-pilot  was  ON  or  OPP,  or  whether  it  was  OPT' 
in  combination  with  the  baseline  boom  station,  or  whether  both  navigation  manage¬ 
ment  control -display  units  were  ON  or  one  was  OPP  seemed  to  make  little  difference 
to  the  crews  -  they  felt  the  mission  could  be  successfully  completed.  Out  of  a 
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total  of  192  responses  to  questions  asking  specifically  i  <'  the  mission  could  be 
completed  less  than  3®  were  negative. 

Overall  workload  to  fly  each  of  the  tin  roe  missions  was  rated  as 
slightly  higher  than  what  the  crew  members  would  expect  to  encounter  flying  the 
s;une  missions  in  the  baseline  KC-135;  nevertheless,  they  .  11  felt  that  even  a 
minimally  experienced  crew ,  given  the  capabilities  of  the  composite  design,  could 
comp  1 e to  the  m i ss ion. 

In  general,  pilots  responded  that  the  greatest:  percentage  of  total 
workload  lor  each  mission  involved  piloting  tasks,  followed  ny  communication, 
navigation,  and  aerial  relueling  tasks.  Paperwork  and  other  liscel laneous  tasks 
were  seen  to  consume  very  little  of  the  pilots'  time.  When  required  to  rate  the 
workload  level  itself  for  these  tasks,  piloting,  aerial  refueling,  and  communica¬ 
tions  were  tasks  demanding  a  slightly  more  than  moderate  level  of  workload;  navi¬ 
gation  tasks  required  a  slightly  less  than  moderate  level  of  workload;  and  paperwork 
and  other  tasks  required  low  or  very  low  levels.  Tbcie  was  little  variation  among 
each  pilot's  workload  ratings  for  the  various  mission,  phases  across  the  three 
mission.  As  expected,  departure,  aerial  refueling,  descent,  and  approach  and  landing 
were  the  areas  of  greatest  workload  while  climb  and  cruise  were  much  less  so. 

In  most  eases,  the  copilot's  questionnaire  data  agreed  with  that  of 
the  pilot's.  Copilot  responses  showed  that  when  compared  to  the  workload  level  as 
it  stands  in  the  tanker  today,  utilizing  the  crew  systems  evaluated  during  simula¬ 
tion  represented  somewhere  between  a  slight  and  moderate  increase  in  workload  for 
them.  However,  they  unanimously  agreed  that,  regardless  of  the  particular  mission 
S''-  .icnt,  a  minimally  experienced  pilot  and  copilot  could  successfully  accomplish 
that  mission  with  the  crew  station.  When  asked  to  rate  their  own  workload  level 
needed  to  monitor  fuel  flow  and  fuel  quantity  information,  the  copilots  placed  that 
workload  at  a  moderate  level  --  only  slightly  higher  than  the  pilots'  perception 
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of  the  copilots'  workload. 

Regardless  of  mission,  the  copilots  indicated  that  navigation  and 
communication  tasks  consumed  most  of  their  time  while  aerial  refueling,  piloting, 
"other",  and  paperwork  tasks  were  less  demanding.  Mien  they  were  required  to 
rate  the  workload  level  necessary  to  perform  those  tasks,  navigation,  communica¬ 
tion,  and  aerial  refueling  tasks  were  shown  to  demand  a  slightly  more  than  moderate 
level  of  workload  while  "other"  tasks,  paperwork,  and  piloting  required  only  low 
to  moderate  levels.  As  did  the  pilots,  the  copilots  generally  rated  their  work¬ 
load  levels  lor  departure,  climh,  cruise,  aerial  refueling,  descent,  and  approach 
and  landing  consistently  across  the  three  missions  and  results  showed  that  aerial 
refueling  tasks  generated  "significant"  workload  levels  while  departure,  approach/ 
landing,  and  descent  phases  generated  moderate  levels.  Climh  and  cruise  segments 
were  rated  its  low  to  moderate. 

.1.  Boom  Station  Upgrade 

All  crew  mem hers  were  asked  a  series  of  questions  to  determine  not 
only  the  need  for  improved  boom  station  controls  and  displays  hut  also  the  value 
of  "upgrading"  the  boom  operator's  job;  increasing  boom  operator  responsibility 
for  communications  monitoring,  message  coding  and  decoding  and  adding  new  cockpit 
duties  to  he  exercised  by  the  boom  operator  while  on  the  flight  deck. 

a.  Pilot/Copilot  Data 

All  pilots  thought  that  with  an  upgraded  boom  operator,  even  with 
one  pilot  incapacitated,  all  three  missions  could  he  performed.  Only  two  pilots, 
however,  thought  all  three  missions  could  he  performed  under  similar  circumstances 
with  a  non-upgraded  boom  operator.  In  either  event,  all  pilots  thought  the  air¬ 
craft  could  be  returned  home  safely  without  the  upgraded  boom  operator.  With  an 
upgraded  boom  operator,  the  pilots  believed  that  they  could  accomplish  any  of  the 
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mission  segments  with  or  without  an  auto-pilot  and  with  only  one  of  the  navigation 
management  displays  operating. 

Pilots  favorably  rated  the  requirement  for  aft  boom  station  trans¬ 
fer  fuel  flow  rate  and  totalizer,  and  an  aircraft  fuel  flow  totalizer,  emphasizing 
that  by  providing  those  displays  to  the  boom  operators  their  own  workload  would 
he  significantly  reduced.  Regardless  of  mission  segment,  they  highly  recommended 
the  computerization  of  weight  and  balance,  and  takeoff  and  landing  data  calcula¬ 
tions.  Finally,  there  was  wide  variation  in  opinion  on  the  effect  an  emergency 
boom  hoist  would  have  on  mission  accompli slunent  with  a  3-man  flight  deck  crew  -- 
primarily,  they  said  they  would  not  have  been  overworked  for  the  time  that  the 
copilots  left  their  station  but  were  unsure  as  to  whether  mission  safety  would  be 
jeopardized. 

The  copilots  were  not  quite  so  favorable  as  were  the  pilots  in 
their  ratings  of  the  requirement  for  aft  boom  station  transfer  fuel  flow  rate  and 
totalizer  gauges  and  an  aircraft  fuel  flow  totalizer.  They  were  not  convinced 
that  such  devices  helped  to  reduce  their  own  workload,  hike  the  pilots,  the  co¬ 
pilots  highly  recommended  the  computerization  of  weight  and  balance  and  takeoff 
and  landing  data  calculations.  Finally,  the  copilots  disagreed  with  the  pilots 
on  the  effect  an  emergency  boom  hoist  would  have  on  mission  act  mplishmcnt  with  a 
3-man  flight  deck  crew;  the  data  indicated  they  felt  that  the  pilot  would  have  been 
significantly  overworked  for  that  time  but  that  mission  safety  would  not  he  in 
jeopardy. 

The  copilots  seemed  to  agree  with  the  pilots  that  with  an  up¬ 
graded  boom  operator,  a  3-man  crew  --  oven  in  the  case  of  incapacitation  of  one 
pilot  --  could  accomplish  all  the  missions  and  fly  the  aircraft  home  safely.  How¬ 
ever,  if  the  boom  operator  were  not  upgraded,  although  the  aircraft  could  be  returned 
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home  safely,  mission  success  was  questionable, 
b .  Boom  Operator  ba_ta 

Almost  unanimously  for  all  boom  operators  across  all  mission 
segments,  there  was  sufficient  time  to  perform  "see  and  avoid"  duties  while 
carrying  out  other  designated  tasks.  The  capabilities  presented  in  the  cockpit 
and  boom  station  design  were  rated  as  being  extremely  useful  and  an  enhancement 
to  mission  performance.  There  was  widespread  agreement  that,  regardless  of  mission 
segment,  communication  and  aerial  refueling  tasks  demanded  the  highest:  percentage 
of  total  time,  followed  closely  by  "see  and  avoid"  duties  and  systems  monitoring. 
Navigation  tasks,  paperwork,  fuel  management,  and  weight  and  balance  computations 
consumed  much  less  time.  When  asked  to  rate  the  workload  level  required  to  accom¬ 
plish  these  tasks,  the  boom  operators  rated  air  refueling,  systems  monitoring,  and 
sec  and  avoid  as  moderate  to  significant  workload  generators;  navigation,  communica¬ 
tion,  paperwork,  and  fuel  management  tasks  as  moderate  workload  items;  and  weight 
and  balance  computations  as  a  very  low  workload  item. 

The  boom  operators  felt  that  a  2  pilot/1  boom  operator  crew  could 
safely  and  adequately  porfoim  the  missions.  However,  the  general,  opinion  seemed 
to  lie  that  when  transfer  fuel  flow  rate  and  totalizers,  air  refueling  pump  indica¬ 
tors  and  tank  quantity  gauges  were  provided  at  the  aft  boom  station,  the  boom 
operators'  workload  increased,  safety  was  jeopardized,  and  aerial  refueling  proce¬ 
dures  were  made  more  compl icated  when  compared  to  the  current  tanker.  When  the 
fuel  offload  start/stop  capability  was  provided  on  the  boom  telescope  control  the 
boom  operators  felt  that,  compared  to  the  current  tanker,  their  workload  stayed 
the  same,  safety  was  not  affected,  but  aerial  refueling  procedures  became  compli¬ 
cated.  When  the  preselect,  offload  capability  was  added  to  those  totalizers, 
indicators,  and  gauges  boom  operator  workload  decreased,  safety  was  either  enhanced 
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or  not  affected,  but  aerial  refueling  procedures  were  still  made  more  complicated 
when  compared  to  the  current  tanker. 

When  asked  to  rate  how  much  of  a  requirement  existed  for  the 
extra  boom  station  controls  and  displays  in  3-man  operations,  the  boom  operators 
responded  that  these  items  were  extremely  useful  and  greatly  enhanced  mission 
performance.  However,  when  they  were  asked  to  rate  the  quality  of  the  layout  of 
the  aft  boom  station  in  enhancing  mission  accomplishment,  the  result  was  a  less 
than  "GOOD"  rating.  The  boom  operators  were  more  satisfied  with  the  layout  of 
the  forward  boom  station,  giving  it  a  "GOOD"  to  "VERY  GOOD"  rating. 

They  judged  the  requirement  for  air  refueling  on-off  pump  switches 
at  the  aft  boom  operator's  station  for  3-man  operations  as  being  quite  useful,  a 
feature  that  would  noticeably  enhance  mission  performance.  They  were  more  en¬ 
thusiastic  about  the  capabilities  provided  by  having  weight  and  balance  and  take/ 
off  landing  data  calculations  computerized.  These  capabilities  were  judged  as 
extremely  useful  ones  and  would  enhance  mission  performance  greatly. 

After  the  simulation  exercises,  the  boom  operators  expressed 
more  of  an  eagerness  to  perform  in-flight  duties  that  they  do  not  now  perform. 
However,  when  they  wore  asked  how  willing  they  would  be  to  perform  additional  duties 
if  the  increased  responsibility  was  accompanied  with  an  increase  in  training,  rating, 
and  pay,  the  simulation  exercises  made  negligible  difference--  the  boom  operators 
were  very  eager  both  before  and  after  simulation  to  perform  extra  duties.  When 
given  a  list  of  various  tasks  connected  with  the  tanker  mission  and  asked  which 
required  no  training  and  which  required  some  training,  the  boom  operators  demon¬ 
strated  very  little  shift  of  opinion  between  their  pre- simulation  and  post -simulation 
responses.  It  was  generally  agreed  that  the  following  tasks  would  require  at 
least  some  amount  of  training:  copying  and  decoding  messages,  monitoring  present 
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position  and  progress,  comnuni eating  with  cell  formation  and  command  post, 
rendezvous  common  icat  ion,  monitoring  weather  radar  and  ground  mapping  radar,  fuel 
management,  monitoring  flight  instruments,  aiding  in  directing  an  airborne  radar 
approach,  map  reading,  completing  the  flight  log,  computing  take-off  and  landing 
data,  map  and  chart  management ,  and  completing  the  fuel  and  comn  log. 

B.  Responses  to  Other  Design  Features 

'Hie re  was  widespread  agreement  among  pilots  and  copilots  as  to  the  quality 
level  of  the  various  avionics  and  hardware  of  the  crew  station  design.  Of  the 
front  panel  items  (pilot/copilot  front  instrument  panels  and  center  instrument 
panel) ,  only  the  placement  of  the  master  caution  light  caused  concern.  While  all 
other  items  were  rated  from  "GOOD"  to  "FXCPLLF.NT" ,  the  master  caution  light  was  rated 
from  very  bad  to  fair.  All  other  crew  station,  avionics  including  items  on  the 
forward  center  console,  the  overhead  panel,  the  aft  center  console,  and  t’ae  pilot/ 
copilot  side  instrument  panels  received  most  or  all  of  their  ratings  in  the  goal 
to  excellent  range. 

The  ratings  Iron  both  the  pilots  and  copilots  concerning  the  quality  of 
the  miniature  toggle  switches  used  on  some  of  the  aircraft  subsystems  were  close 
to  (VTiRY  GOOD).  The  majority  of  pilots  and  copilots  also  said  they  required  two 
IMF  radios,  one  VHP  radio,  and  one  HP  radio.  When  asked  the  same  question  about 
navigation  equipment,  the  majority  oT  pilots  and  copilots  said  they  required  one 
doppler,  two  inertial  navigation  systems,  two  VORs,  two  TACANs ,  one  ADP,  two  TLSs, 
one  attitude  heading  reference  system,  two  nav  management  CDIJs,  one  ground  mapping 
radar,  and  no  sextant. 

None  of  the  pilots'  data  indicated  that  an  accelerometer  was  required, 
however,  two  of  the  copilots  thought  that  one  placed  on  the  front  instrument  panel 
would  greatly  enhance  mission  performance.  All  pilots  ;ind  copilots  rated  the 

35 


capabilities  provided  by  the  selectable  digital  readouts  on  the  engine  instruments 
and  subsystems  pressures  and  quantities  as  being  great  enhancements  to  mission 
performance,  and  most  went  as  far  as  to  indicate  that  the  readouts  were  absolutely 
necessary  to  perform  the  mission.  The  ability  to  have  emergency  checklists 
integrated  with  the  annunciator  panel  and  automatically  displayed  on  a  CRT  met 
with  a  wide  gamut  of  opinion  from  both  pilots  and  copilots.  No  clear  consensus 
emerged,  with  the  opinions  ranging  from  an  extremely  useful  enhancement  to  mission 
performance  to  an  only  sometimes  useful  device  that  wouldn't  really  enhance  mission 
perf ormance . 

A  majority  of  the  crews  indicated  that  the  following  systems  should  be  com¬ 
pletely  automated:  takeoff  computations,  approach/landing  computations,  and  a 
print-out  of  engine  performance.  Crews  split  evenly  on  completely  automating  fuel 
management  and  radar  pressurization  controls.  A  majority  of  the  crews  indicated 
that  the  following  systems  should  be  computer  programmable:  center  of  gravity  cal¬ 
culations,  takeoff  and  landing  data,  fuel  management,  fuel  plan,  nav  aid  tuning, 
APN-69  beacon,  hold  information,  rendezvous  information,  flight  plan  information, 
and  preflight  information. 

The  readability  of  the  caution/warning  annunciator  panel  was  given  high 
ratings  by  all  pilots  across  all  missions  as  was  the  requirement  for  such  a  panel  in 
a  KC-135.  The  readability  of  the  information  on  and  the  requirement  for  a  thrust 
management  system  were  also  rated  very  high  by  the  pilots  as  were  the  readability 
of  and  requirement  for  vertical  scale  engine  and  subsystem  instruments.  Much  of 
the  same  lighted- segment  technology  utilized  in  the  engine  instruments  was  incor¬ 
porated  into  the  fuel  panel,  and  its  effectiveness  was  reflected  in  the  pilots' 
ratings.  Regardless  of  the  mission,  they  highly  rated  the  fuel  panel  layout  quality, 
the  requirement  for  such  a  device,  its  digital  displays  readability,  and  its  overall 
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useabilit.y  and  ease  of  fuel  flow  tracking. 

None  of  the  crews  indicated  that  they  crer  confused  the  altitude  alert 
display  with  the  angle  of  attack  indexer;  the  majority  indicated  that  use  of  the 
altitude  alert  system  caused  their  workload  to  decrease;  and  an  identical  majority 
said  that  the  altitude  alert  tone  was  helpful. 

The  boom  operators  were  unanimous  in  indicating  that  it  was  necessary  to 
have  both  the  center  console  area  and  the  old  nav  station  accessible  to  them  and 
that  they  liked  the  way  the  jump  seat  maneuvered  between  the  two  crew  stations. 

As  did  the  majority  of  pilots  and  copilots,  all  the  boom  operators  felt  that  the 
altitude  alert  tone  was  helpful. 

Of  the  items  on  the  front  aid  center  instrument  panels  that  the  boom 
operators  were  asked  to  rate  for  quality  of  location  (for  monitoring  purposes), 
only  the  INS  mode  control  received  lav  marks  (poor  to  fair).  All  other  instrument 
received  good  to  excellent  ratings.  In  rating  the  instruments'  locations  on  the 
forward  boon  station,  all  boom  operators  rated  till  the  instruments  very  goal  to 
excellent . 
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SUCTION  V 
DISCUSSION 

] 

The  TAACIi  Program  simulation  phase  was  conducted  to  verify  the  findings  of 
earlier  analysis  and  mockup  work  that  had  concluded  it  was  feasible  to  operate 
the  KC- 135  with  a  three  person  crew:  pilot,  copilot,  and  "up-graded"  boom  operator. 

The  simulation  work  reported  herein  supported  the  conclusions  of  the  earlier 
activity  --  given  tne  proper  avionics  capabilities  and  crew  duties  and  responsi¬ 
bilities,  operating  the  KC-15S  with  reduced  crew  complement  remains  feasible. 

This  conclusion  is  based  on  both  the  performance  of  the  crews  during  the  simulation 
exercise,  and  their  opinions  regarding  the  useability  of  the  crew  system  concepts 
they  evaluated. 

The  simulation  study  clearly  demonstrated  that  the  single  most  important 
capability  needed  to  effect  a  reduction  in  crew  size  is  a  modern  navigation  manage- 
meat  capability  useable  by  both  the  pilot  and  copilot  at  any  time  during  flight. 

A  second  important  modification  is  the  up-grading  of  the  boom  operator's  job 
coupled  with  the  automation  of  some  of  the  refueling  functions  accomplished  from 
the  boom  pod.  Finally,  some  modification/ improvement  to  selected  cockpit  controls 
and  displays  is  also  required. 

A.  Navigation  Management  Capability 

If  only  two  pieces  of  hardware  could  be  added  to  the  tanker  in  the  event 
of  a  reduction  in  crew  size,  all  crew  members  would  select  the  navigation  management 
system,  -  the  CDUs  and  closely  associated  horizontal  situation  displays.  These  systems 
provide  the  pilot  and  copilot  with  information  defining  the  aircraft's  orientation 
in  space  and  time.  Currently,  the  navigator  is  the  only  crew  member  who  can  provide 


this  quick  and  precise  description  of  aircraft  positioning  in  relation  to  the  flight- 
plan  and  other  aircraft  in  the  formation. 


The  composite  design  navigation  in;n laj^eiiK-nt  system  could  display  six 


sequential  waypoints  at  one  time  as  well  as  store  many  hundred  additional. 

Also,  the  system  had  the  capability  to  store  the  identifiers  for  all  the  nav  aids 
in  the  world,  tiny  one  of  which  could  then  he  entered  as  a  waypoint  in  the  flight 
plan  tlnough  less  than  ten  keypunches.  Furthermore,  fuel  status  was  automatically 
u panted  by  the  mission  computer,  as  was  the  aircraft's  present  position  in  relation 
to  the  flight  plan  and  till  waypoints,  (i.e.  estimated  time  of  arrival,  time  turd 
distance  to  waypoint).  All  the  while,  the  system  maintained  the  flexibility  to 
calculate  take-off  and  landing  lata  and  CG  computations.  Holding  and  rendezvous 
patterns  could  easily  he  programmed  in  three  steps  and  could  he  inserted  into  the 
flight  plan  <n  two  or  three  steps.  During  simulation,  with  the  nav  system  fully 
dynamic  and  responsive  to  computer  inputs,  the  data  crews  were  able  to  assess  page 
formats,  hardware  operability  and  overall  system  performance.  As  was  reported  in 
the  results  section  of  this  report,  there  was  widespread  and  consistent  agreement 
within  and  among  the  subject  crows  about  the  adequacy  of  the  navigation  system  and 
its  displays  in  helping  them  accomplish  the  aerial  refueling  mission. 

All  crew  members  judged  the  USDs  as  being  vastly  superior  to  standard  liSls 
in  heLping  to  accomplish  the  refueling  mission.  The  USDs  and  nav  management  system 
worked  in  harmony  with  each  other  and  provided  to  the  crew  the  necessary  information 
to  stay  on  the  flight  plan.  The  majority  of  the  time  both  the  pilot  and  copilot 
would  utilize  some  variation  of  a  moving  map  display  on  the  USD  (i.e.  perhaps 
different  ranges  would  be  selected  or  different  types  of  radar  overlays  would  be 
used).  In  the  absence  of  a  navigator  on  the  aircraft,  weather  information,  formation 
position,  and  navigation  information  must  be  concisely  and  immediately  available 
to  either  pilot.  The  subject  crews  utilized  all  available  modes  of  operation  on 
the  USDs  and  exercised  and  evaluated  those  capabilities  in  reference  to  the  particular 
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phase  of  flight  or  set  of  circumstances  that  the  USD  mode  was  designed  to  handle. 

Also,  because  of  the  absence  of  the  navigator,  the  ability  to  overlay  the  flight 
plan  route  with  appropriate  radar  data  reduced  the  amount  of  around-the-cockpit 
scanning  that  is  presently  needed  and  eliminated  the  requirement  for  either  pilot 
to  mentally  calculate  or  interpret  the  relative  locations  of  the  flight  plan  points 
and  the  radar  returns.  Around -the -cockp Lc  scanning  was  further  reduced  by  displaying 
(digitally)  frequently  used  flight  parameters  on  the  perimeter  of  the  USD.  The 
crews'  subjective  data  reflected  the  fact  that  the  capabilities  provided  were  all 
essential  to  mission  accomplishment  and  that  these  capabilities  were  of  the  proper 
scope  so  as  to  provide  enough  information  to  each  pilot  to  handle  and  navigate  the 
aircraft,  but  not  to  overload  them  with  superfluous  data. 

B.  Boom  Operator  Up-Grade 

The  crews  felt  that  the  workload  level  required  to  fly  the  composite 
configuration  was  not  significantly  greater  than  the  workload  level  required  to 
fly  the  present  day  tanker.  Although  some  concern  was  expressed  about  aircraft  and 
engine  systems  monitoring  and  radar  operation,  in  general  the  crews  demonstrated 
high  degrees  of  confidence  regarding  their  abilities  to  fly  and  navigate  the  air¬ 
craft  without  a  navigator.  However,  the  fact  that  the  boom  operator  was  elevated 
to  the  status  of  a  flight  systems  operator  seemed  to  be  crucial  in  shaping  this 
opinion.  The  pilots  and  copilots  were  nearly  unanimous  in  indicating  that,  even  in 
the  event  of  one  pilot  incapacitation,  all  three  missions  could  have  been  accomplished 
and  the  aircraft  returned  home  safely.  This  was  not  the  feeling  if  the  boom  operator 
were  not  up-graded.  Crew  workload  and  an  up-graded  boom  operator  are  clearly  inter¬ 
related,  and  based  on  the  simulation  crews'  comments,  it  is  apparent  that  an  up¬ 
graded  boom  operator  would  be  used  very  efficiently  aboard  a  navigatorlcss  tanker. 
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The  boom  operator  would  assist  in  accomplishing  checklists,  making  certain  radio 
calls,  act  as  navigation  backup  to  the  pilot  and  copilot,  and  provide  as  much 
systems  monitoring  support  as  he  could  in  addition  to  working  the  boom  during 
refueling.  With  the  boom  operator  so  utilized,  the  pilots  and  copilots  felt 
that  their  workload  would  not  be  significantly  altered  from  the  present  day  tanker. 

There  was  some  disagreement  among  the  pilots  and  copilots  as  to  the  partic¬ 
ular  improvements  needed  at  the  aft  boom  station  to  make  the  boom  operator  a  more 
productive  member  of  the  crew,  for  example ,  the  pilots  and  copilots  differed 
noticeably  in  their  opinions  regarding  the  need  to  add  transfer  fuel  flow  rate, 
totalizer  gauges,  fuel  quantity  gauges,  and  aerial  refueling  pump  switches  to  the 
aft  boom  station.  The  boom  operators  agreed  more  with  the  copilots  than  with  the 
pilots  when  indicating  that  such  devices  were  not  as  useful  as  they  might  at 
first  have  seemed.  In  the  case  of  the  boom  operators,  it  is  understandable  that 
they  indicated  that  such  devices  made  aerial  refueling  procedures  more  complicated 
when  compared  to  the  current  tanker  because  these  systems  required  a  great  amount 
of  monitoring  duties  during  refueling  that  are  not  now  required.  Also,  automatic 
fuel  offloading  stzrt/stop  capability  added  to  the  fuel  flow  gauges,  and  totalizers 
did  not,  in  the  boom  operators'  opinions,  alter  their  workload  levels  significantly 
but  instead,  made  overall  aerial  refueling  procedures  more  complicated.  The  co¬ 
pilots  generally  agreed  that  the  flow  gauges  and  totalizers  did  not  reduce  their 
workload  during  refueling.  The  pilots,  however,  felt  that  their  workload  was  re¬ 
duced  by  adding  these  devices  to  the  aft  boom  station. 

The  most  significant  finding  seems  to  be  that  effective  utilization  of 
the  boom  operator  is  not  so  much  a  function  of  hardware  modifications  but,  as 
mentioned  earlier,  increased  boom  operator  responsibilities  and  crew  duties  integrated 
with  those  of  the  pilots'.  However,  some  hardware  upgrade  was  felt  to  be  desirable; 
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e.g.,  fuel  off-load  totalizers  and  auto  off-load  capability. 

C.  Other  Control-Display  Modifications 

Other  changes  to  the  cockpit  included  major  modifications  to  the  fuel 
control  panel  located  forward  of  the  throttles  and  the  engine  instruments  located 
on  the  center  instrument  panel.  Also,  a  master  caution  and  warning  system  was 
added . 

1 .  Fuel  Control  Panel 

In  order  to  accommodate  the  installation  of  a  navigation  management 
CDU  forward  of  the  throttles,  where  the  copilot  could  operate  it,  a  new,  smaller 
fuel  control  panel  was  required.  Previous  analysis  had  stressed  the  importance 
of  incorporating  a  schematic  illustration  of  fuel  flow  into  any  new  panel  installed 
in  the  tanker .  The  present  KG- 135  fuel  panel  uses  this  approach,  and  it  is  an 
effective  piece  of  equipment.  The  "Composite"  design  fuel  panel  met  this  require¬ 
ment,  but  it  also  replaced  the  large  valve  switches  with  smaller  push-button  de¬ 
vices;  the  round-dial  fuel  quantity  gauges,  with  digital  readouts;  and  the  pump 
switches,  with  miniaturized  toggle  switches.  Finally,  the  fuel  flow  lines  were 
illuminable  as  a  function  of  pimp  and  valve  configuration.  The  design  of  the  fuel 
panel  was  considered  to  be  excellent.  The  fuel  flow  lines,  because  they  were 
illuminated  when  a  particular  flow  pattern  was  chosen,  were  said  to  be  a  signifi¬ 
cant  improvement  over  the  present  fuel  panel  --  they  allowed  quick  determination 
of  fuel  tracking  in  addition  to  switch  posit  ion  cues.  The  crews  also  found  the 
panel  layout,  which  was  similar  to  the  present  fuel  panel,  to  be  easy  to  learn. 

2.  Engine  Instruments 

The  round-dial  engine  gauges  were  replaced  with  vertical -scale  lighted 
segment  devices  that  would  not  only  use  less  panel  space,  but  it  was  thought  also, 
improve  engine  performance  monitoring.  The  data  supported  these  hypotheses:  the 
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instruments  were  easy  to  read  and  interpret  and  allowed  quick  detection  of  system 
malfunctions  occurring  to  only  one  engine.  Furthermore,  because  these  devices 
required  less  panel  space  than  conventional  round-dials,  all  engine  instrumentation 
along  with  hydraulic  oil  quantity  and  pressure  indications  were  consolidated  into 
one  geographically  contiguous  area  reducing  araml-thc-cockpit  scanning. 

3.  Master  Caution  and  Warning  System 

The  concept  of  the  centralized  caution/ warning  annunciator  panel  re¬ 
ceived  high  subjective  ratings  from  the  crew.  Its  use  virtually  eliminated  the 
necessity  for  the  pilots  to  check  around  the  cockpit  for  any  lit  malfunction 
indicators.  Only  the  placement  and  brightness  of  the  master  caution  lights  caused 
concern  among  the  crews.  Although  they  were  placed  on  the  glare-shield,  they  were 
not  placed  directly  in  front  of  each  pilot.  This,  coupled  with  the  fact  that  the 
lights  were  not  quite  bright  enough  left  them  short  of  being  the  good  attention 
grabbers  they  must  he. 

Conclusion 

The  TAACE  simulation  demonstrated  that  it  is  reasonable  to  consider  operating 
the  KC-135  tanker  with  a  crew  of  three.  The  basic  control  and  display  capabilities 
needed  to  accomplish  this  include  an  integrated  navigation  management  system,  re¬ 
located  controls  to  place  all  necessary  equipment  with  in  reach  of  at  least  one 
pilot,  and  modified  existing  systems  (fuel  panel,  engine  instrumentation)  to 
optimize  workload.  Finally,  the  boom  operator  position  should  be  upgraded  to  a 
Positive  Control  crew  member,  with  new  duties  added  to  these  currently  performed, 
thus  making  better  use  of  the  third  individual  on  the  crew. 

Volume  II  of  this  report  describes  a  modified  composite  design,  complying 
with  the  results  of  the  simulation  study.  The  companion  report,  AFWAL-TR-81 -301 0 , 
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"KC-135  Crew  System  Criteria",  (Ref.  4)  presents  -  generalized  design  criteria  and 
guidance  for  implementing  a  reduction  in  the  KC-135  crew  complement. 


44 


l: 


REEERENCES 


1.  Strategic  Air  Command  "Required  Operational  Capability  (ROC)  KC-135  Navigation 
System  Modernization  ROC  No.  5-74",  22  Mar  74  (with  amendments). 

2.  Hq  USAF  "Program  Management  Directive  for  KC/C  135  Avionics  Modernization", 

18  Aug  77. 

3.  G.J.  Barbato,  ct  al,  'Tanker  Avionics/Aircrew  Complement  Evaluation  (TAACE) 

Phase  0"  --  Analysis  and  Mockup,  May  1980.  AFWAL-TR-80-3030 

4.  J.  Kearns  III,  "KC-135  Crew  System  Criteria",  AFWAL-TR-81-3010 

5.  Delco  Electronics  "Carousel  Inertial  Navigation  System  Pilot's  Guide",  May  1977. 

6.  Strategic  Systems  -  System  Program  Office  "KC-135  Avionics  Modernization  - 
Program  Management  Plan",  24  April  1978,  Aeronautical  Systems  Division,  WPAEB ,  Ohio 


45 

4U.S. Government  Printing  Office:  1982  —  559-005/4038 


